Since Jyssum (7) showed that cell-free extracts of N. meningitidis metabolize the tricarboxylic acids as well, the investigation of the effect of glutamate was extended to citrate. It was hoped that the elucidation of this reaction would provide a useful parameter for strain or species characterization.
It was previously shown by Weiss (14) that glutamate enhances the catabolism of succinate, fumarate, and malate by Neisseria meningitidis. Since Jyssum (7) showed that cell-free extracts of N. meningitidis metabolize the tricarboxylic acids as well, the investigation of the effect of glutamate was extended to citrate. It was hoped that the elucidation of this reaction would provide a useful parameter for strain or species characterization.
MATERIALS AND METHODS
Strain 2091 group B of N. meningitidis was obtained from the collection of Sara Branham at the National Institutes of Health (3) . Other bacterial strains were either case isolates maintained in our laboratory or were from other collections (see Table 3 ). The identity of the strains of N. lactamicus (5) used in this study was confirmed by D. G. Hollis and R. E. Weaver (personal communication). All stock cultures were stored in tryptic soy broth (TSB, Difco) at -70 C.
For metabolic experiments with whole cells, N. meningitidis 2091 was grown overnight on Mueller-Hinton agar slants (Difco) and inoculated into TSB contained in side-arm flasks. The flasks were incubated at 37 C as shaking cultures, and growth was observed by meas- For the preparation of cell-free extracts, I liter of culture was grown and harvested as described above. The cells were ruptured in a prechilled French pressure cell (American Instrument Co.) at 10,000 psi, and whole cells were removed by centrifugation at 12,000 x g for 10 min. The cell extracts were diluted to a protein concentration of 4 mg/ml and assayed immediately along with whole cells.
Enzymatic activities were determined by the use of substrates labeled with '4C (obtained from Calbiochem or New England Nuclear Corp.). The tests were performed in 25-ml Erlenmeyer flasks fitted with plastic cups and filter paper for the trapping of CO2 with Hyamine (New England Nuclear Corp.), as described by Weiss (13) .
Uptake of citrate by cells was determined by the procedure of Weiss (14) . Protein content was estimated by the method of Lowry et al. (10) .
RESULTS
Citrate metabolism by whole cells of N. meningitidis. Added The amount of citrate catabolized by resting cells was shown to be dependent on the concentration of added glutamate. In the experiment illustrated in Fig. 1 , with 10-2 M glutamate, the rate of CO2 production from carbons I and 5 of citrate remained linear for at least 90 min. With 10-3 M glutamate, the initial rate of CO2 production virtually terminated at 30 min. In another experiment, 10-3 and l0-4 M glutamate elicited an increase in citrate catabolism, measured after I hr of incubation, proportional to their concentration.
As was previously shown with succinate (14), the addition of glucose or a combination of aketoglutarate and aspartate stimulated exogenous citrate catabolism, but not nearly to the same extent as the addition of glutamate (Fig. 2) . The addition of 10-3 M 2,4-dinitrophenol or 10-2 M sodium azide completely reversed the effect of glutamate on CO2 production from citrate. As in the case with succinate (14) , it was shown that the glutamate effect could be attributed to increased transport of citrate into the cell. Citrate uptake in the presence or absence of glutamate was similar to the uptake of succinate shown in Fig. 4 of reference 14. Citrate metabolism by cell-free extracts of N. meningitidis. To further study the role of glutamate in citrate transport, the catabolic activities of crude cell-free extract of the 2091 strain were next investigated. These experiments were carried out without added cofactors and the incubation period was limited to 15 min. As shown in Table 2 , the enhancing effect of glutamate was completely eliminated when the cells were disrupted. CO2 production from carbon 6 of citrate was the same in the presence or absence of glutamate and was the same as the activity of a suspension of whole cells b Values are expressed in micromoles per milligram of cell protein per hour. Five minutes was allowed for thermal equilibration, and flasks were incubated shaking at 37 C. Citrate-1,5-14C and glutamate were used in final concentrations of 10 mM each. Cell protein content per flask was usually 0.7 mg in a total volume of 2.0 ml. ' Baumann, Doudoroff, and Stanier (2) recently proposed that Mima polymorpha and Moraxella glucidolvtica be reassigned to the genus Acinetobacter Brisou and Prevot. flavescens, and N. flava. Group 3 consists of organisms which catabolize citrate at a moderate or rapid rate in the absence or presence of glutamate. N. catarrhalis, Mima polymorpha, Moraxella glucidolytica, Pseudomonas aeruginosa, and Escherichia coli W were shown to belong to this group.
An attempt was made to elucidate the basis for the above-described difference between group I and a member of group 2 (N. lactamicus ATCC 23970) by comparing citrate and glutamate catabolism of whole cells and of cell extracts ( mate is the more efficacious compound because it is degraded to CO2 and succinate, which is not immediately utilized (I1). Thus, added dicarboxylic acids are utilized in preference to those derived from glutamate.
The experiments described in this paper indicate that citrate can be added to the list of substrates that are most effectively transported in the presence of glutamate. There is sufficient similarity between the results obtained with succinate (14) and with citrate to suggest that the two mechanisms of transport are analogous even though citrate is catabolized less rapidly than succinate.
It was shown by Weiss (14) 
